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Abstract

As a principal design of advanced CANDU fuel bundle, CANDU-KF39, CANDU-KF40 and
CANDU-KF43 fuel bundles were proposed and evaluated with respect to the operating condi-
tions of the CANDU-6 reactor of Wolsung Unit-1. From the results, the advanced fuel
bundles show to be improved economical and technical benefits compared with the current
37-element bundle. Especially, it was appeared that the KF-39 fuel bundle has more benefits
of the safety, technical and economical aspects of Wolsung Unit-1 rather than those of the
KF-40 and KF-43 fuel bundles.
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Fig. 1 Fuel Rod Arrangements of the Current and Advanced Fuel Bundles for CANDU-6 Reactor.
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Fig. 2 k—effective vs. Burnup of CANDU Current and Advanced Fuel Bundles
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Fig. 3 Linear Heat Generating Rate vs. Burnup of CANDU Current and Advanced Fuel Bundles
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A. Linear Element Power Ratings for 0.711 wt% NU Fuel
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Fig. 4 Comparison of 37-elements, CANDU-KF39, —-KF40 and —KF43 Linear Element Power Ratings.
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C. Linear Element Power Ratings for 1.2 wi% SEU Fuel
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Table 1. Relative Nuclear—Characteristics of CANDU Advanced Fuel Bundles with Resepct to the

Current 37-Element Bundie
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Table 2. Relative Values of the Maximum Fuel-Temperatures and Fission Gas Release Rates of CANDU
Advanced Fuel Bundles with Resepct to the Current 37-Element Bundle

Enri- Element of Element of Element of Element of

chment 37-element | CANDU-KF39 | CANDU-KF40 | CANDU--KF43
(wt%) bundle bundle bundle bundle
Maximum 0.711 1 0.842 0.877 0.821
fuel~center— 0.90 1 0.845 0.891 0.851
femperature 1.20 1 0.866 0943 0.893
Maximum 0.711 1 0.349 0.487 0.321
fission~gas— 0.90 1 0.650 0.774 0.739
release 1.20 1 0.711 1.851 0.757
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Table 3. Comparison of the Maximum Rod Internal Pressures of CANDU Advanced Fuel Bundles with
That of 37-Element Bundle and Coolant Pressure under 112.5% Full-Overpower Condtion

ENRICHMENT 0.711wt% | 0.90 wt% | 1.20 wt% REMARKS
Bumup(MWd/MTU) to be éx-
BURNUP 10,000 20,000 35,000 ceeded the element intemal
ELEMENT(RING NO) MWd/MTU | MWd/MTU | MWd/MTU | pressure than the coolant
pressure
37-element  (4th)! 0.505 1.408* 1.791+* *11,000; ** 9,000
CANDU-KF39 (3rd) 0.197 0.897 1.384** **13,000
CANDU-KF39 (4th) 0.112 0.667 1.278** *+21,000
CANDU-KF40 (3rd) 0.269 1.031* 1.607** *16,000 ** 7,600
CANDU-KF40 (4th) 0.062 0.323 0.760
CANDU-KF43 (2nd) 0.203 1.078* 1.597* *17,000 **12,000
CANDU-KF43 (4th) 0.083 0.418 0.902

Table 4. Clad Stress Margin of 1.20 wt% Enrichment Fuel Elements at the Burnup of 35,000 MWd/

MTU

Element(Ring No.)

Clad Stress Margin{Relative Margin) at 3500 MWd,/MTU

* 37—element (4th)
« CANDU-KF39(3rd)
* CANDU-KF40(3rd)
* CANDU-KF43(2nd)

17.458 MPa( 1 )
90.637 MPa(5.192)
49.113 MPa(2.813)
38.923 MPa(2.183)
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Fig. 7 Calculated Clad Stress Margine of CANDU Current and Advanced Fuel Bundles for MOL and
EOL at 112.5% Full-Overpower QOperation (enrichment: 1.2 w/o U-235)
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Fig. 8 Calculated Rod Internal Pressure vs. Burnup of CANDU Current and Advanced Fuel
Bundles under 112.5% Partial-Overpower Condition (enrichment: 1.2 w/o U-235)

Table 5. The Maximum Internal Pressures of 1.20 wt% Enrichment Fuel Elements under Partial
Overpower Condition with Bumup of up to 35,000 MWd/MTU

Relative element Burnup to be exceeded
ELEMENT CASES* internal pressure element internal prssure
w.r.t. coolant pressure than coolant pressure
37—element CASE 1 1.611 14,000 MWd/MTU
(4th ring) CASE 2 1.790 14,853 MWd/MTU
CANDU-KF39 CASE 1 0.857
(3rd ring) CASE 2 0.976
CANDU-KF40 CASE 1 0.996
(3rd ring) CASE 2 1.161 31,250 MWd/MTU
CANDU-KF43 CASE 1 1.115 13,000 MWd/MTU
(2nd ring) CASE 2 1.136 31,250 MWd/MTU

*NOTE : CASE 1:112.5% partial overpower condition included 10% bumup range around the peak
linear element power.
CASE 2:112.5% partial overpower condition included 10% burnup range in near the
end-of-life time at 35.000 MWd/MTU
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Table 6. Component Cost and Other Assumptioms for the Fuel Cycle Cost Evaluations of CANDU

Advanced Fuel Bundles (2]

US$/kg
* Natural U303, $kg/U 76.9
* Conversion, U3O; to UF, 77
* Enrichment, $/kg SWU 135.0
* Fabrication of 37-element bundle (incuding
conversion to UQ,)
—~Natural uranium 46.2
-SEU 615
* Back-end cost
—Enrichment(w/o0 U-235 in U) 0.71 0.9 1.2
~Bumup(MWd/MTU) 7.3 139 216
—Back—end cost{US $/kg) 46.2 492 50.8
Table 7. Minimum and Maximum Esiimates of CANDU Advanced Fuel Fabrication Costs
KAERI/AECL KAERI KAERI KAERI
37-element | CANDU-KF39 | CANDU-KF40 | CANDU-KF43
Bundle Bundle Bundle Bundle
MINIMUM ESTIMATE*
* For NU Fuel
-US $/kg U 46.20 46.70 b 46.81 . 47.33 .
-US $/bundle 872.30 889.40 895.56 872.30
* For SEU Fuel
-US $/kg U 61.50 62.16 b 62.32*b 63.00 .
-US $/bundle 1161.18 1183.91 1192.25 1161.18
MAXIMUM ESTIMATE**
* For NU Fuel
-US $/kg U . 4620 48.18 49.95 55.00 .
-US $/bundle 872.30 919.45 955.57 ‘ 1013.75
-US $/kg U 61.50 64.14 . 66.49 . 73.21 .
-US $/bundle 1161.18 1223.95 1272.02 1349.48
*Based on the uranium weight in the fuel bundle:
a=The cost of CANDU-KF43 fuel bundle is assumed to be equal to that of the current
37-element bundle. -
b=AX [CANDU-KF39 or —-KF40 Fuel Volume/37-element Fuel Volume] where A=the cost of
the current 37—-element fuel bundle
**Based on the number of elements in the fuel bundle :
¢=AX[No. of elements in CANDU-KF bundle/37]
where A=the cost of the current 37—element fuel bundle
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Table 8. Relative Values of Annual Fuel Cycle Cost Savings of CANDU Advanced Fuel Bundles and

Others with Respect to the NU 37-Element Bundle

KAERI KAERI KAERI
CANDU-KF39 CANDU-KF40 CANDU-KF43
Bundle Bundle Bundle
00.711 wt% NU FUEL

* Annual Fuel Cost Saving

a. For 0% bumup increase

—Minimum fabrication 1.03% 1.36% -057%
(1000 US $) (122) (161) 67)

~Maximum fabrication —0.09% ~1.00% —6.41%
(1000 US $) (-10.6} (-118) (-760)

b. For 1% burmup increase

—Minimum fabrication 2.01% 2.34% 0.43%
(1000 US §) (238) (277) 51)

—Maximum fabrication 0.91% 0.006% -5.36%
(1000 US §) (107) {0.68) {-635)

c. For 2% burnup increase

—Minimum fabrication 3.03% 3.30% 1.40%
(1000 US $) (351) (502) (166)

—Maximum fabrication 1.87% 0.99% -4.33%
(1000 US §) (222) (117) (-513)

* Annual Fuel Cycle

Cost Saving

a. For 0% bumup increase

—Minimum fabrication 1.12% 1.48% —0.34%
(1000 US $) (180) (238) {(-b5)

~Maximum fabrication 0.30% -0.26% —4.66%
(1000 US $) 48) (-42) (748)

b. For 1% burnup increase

—Minimum fabrication 2.10% 2.46% 0.65%
(1000 US $) (337) (394) (104)

~Maximum fabrication 1.29% 0.73% -3.63%
(1000 US $) (206) (118) (-582)

c. For 2% bumup increase

~Minimum fabrication 3.06% 3.41% 1.62%
(1000 US §) (491) (547) (260)

—Maximum fabrication 2.25% 1.71% -2.61%
(1000 US %) 361) (274) -419)

* Annual Reduction Rate

of Spent Fuel

a. For 1% bumup increase

—Uranium weight 1.40% 1.82% 0.29%

~Bundles 2.45% 3.11% -2.13%

b. For 1% bumnup increase

—Uranium weight 2.71% 2.79% 1.28%

—Bundles 3.89% 4.07% -1.12%

c. For 2% bumup increase

—Uranium weight " 3.34% 3.75% 2.25%

—Bundles 4.36% 5.01% —0.13%
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(Table 8 Continued)

KAERI KAERI KAERI
CANDU-KF39 CANDU-KF40 CANDU-KF43
Bundle Bundle Bundle
* Annual Reduction Rate
of Fuel Refiselling
for 8 bundle shift ‘
a. For 0% bumup increase 2.45% 3.11% -2.13%
b. For 1% bumup increase 3.89% 4.07% -1.12%
¢. For 2% bumup increase . 4.36% 5.01% ~-0.13%
* Annual Improvement Rate '
of Uranium Ultilization
a. For 0% burnup increase 1.40% 1.82% 0.29%
b. For 1% bumup increase 2.71% 2.79% 1.28%
c. For 2% burmnup increase 3.34% 3.75% 2.25%
00.90 wt% SEU FUEL WITH
0% BURNUP INCREASE
* Annual Fuel Cost Saving 19.63% 19.74% 18.79%
{1000 US $)* (2326) (2340) (2226)
* Annual Fuel Cycle Cost 26.69% 26.80% 26.30%
Saving (1000 US $)* (4279) (4298) (4218)
* Annual Improvement Rate
of Uranium Ulilization 31.39% 31.54% 31.23%
* Annual Reduction Rate
of Spent Fuel
~Uranium weight 49.92% 50.03% 49.60%
—Bundles 50.45% 50.69% 48.37%

* Annual Reduction Rate
of Fuel Refueling
—-For 4 bundle shift 0.91% 1.37% -3.26%
01.20 wt% SEU FUEL WITH
0% BURNUP INCREASE

* Annual Fuel Cost Saving 24.64% 25.37% 24.05%

(1000 US $)* (2919) {3006) (2850)

* Annual Fuel Cycle Cost 35.52% 36.08% 35.04%

Saving (1000 US $)* (5696) (5785) (5619)
* Annual Improvement Rate

of Uranium Utilization 40.08% 40.18% 40.01%

* Annual Reduction Rate
of Spent Fuel
—Uranium weight 69.38% 69.43% 69.22%
~Bundles 69.71% 69.83% 68.47%
Annual Reduction Rate
of Fuel Refuelling
—For 4 bundie shift 39.41% 39.66% 36.95%
—For 2 bundle shift ~21.18% -20.67% —26.11%
*For use of the minimum cost of fuel fabrication.

T AHEF dad g o] 7 A4 §(1.40% U weight; (2.45%)8 & spm, 2235 nag so|ck, L
2.45% Bundles)7} x4 a3 o W) A v}, CANDU-KF43 sl A%A2 Qa7 A ay)
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